Introduction
The authors conducted a series of studies [1] [2] [3] [4] [5] for the purpose of achieving firm restorative resin adhesion to tooth substance.
In the present series, the surface structure and polarity of tooth substance, suited to adhesion, were studied [1] [2] [3] . Several kinds of methacrylate derivatives with a-amino acid functional groups were synthesized [4] [5] , and the adhesive strengths of these composite resins, as a bonding agent to tooth substance, were examined [3] [4] [5] .
The authors employed the ultraviolet light polymerization method to conduct their study on the adhesive mechanism of restorative resins to tooth substance.
They attempted to find out how the concentrations of the light-sensitive agent in an ultraviolet light polymerized composite resin would affect its adhesive strength to the tooth substance.
Materials and Methods
Bonding agent
The composition of the bonding agent is shown in Table 1 . As a light-sensitive agent, benzoin methyl ether (BME)a was added to a comonomer, which was composed of N.O.-dimethacryloxy tyrosine (DMTY) [4] and 2-hydroxy ethyl methacrylate (HEMA)b, rendering it into an ultraviolet light polymerized type.
Composite resin
The composition of the composite resin is shown also in Table 1 . To prepare the base resin 1.0, 2.0, 3.0 and 4.0 wt% of BME were added respectively to the comonomer which was composed of Bis-GMA (synthesized on the basis of BOWEN'S report [6] and using the method of SUZUKI et al. [4] ) and triethylene glycol dimeth- acrylate (TEDMA)c. Then silica glassd [7] , surface-processed, was mixed into the base resin as a filler.
Adherends
Extracted human teeth were used as adherends. The labial enamel surfaces of upper central incisors and the exposed dentin surfaces of horizontally cut crown portions of molars were observed.
The bonded surfaces were polished with sandpaper: JIS #600, #800, and #1,000 in that order.
Preparation of test specimens
As shown in Fig. 1 , a polyethylene ring, 3.8 mm in inner diameter and 2.0 mm in depth, was placed temporarily on the bonded surface, and the prepared bonding agent was applied to the bottom side. After the solvent had evaporated it was filled with the composite resin. Following this, as shown in Fig. 2 , it was exposed to ultraviolet light for polymerizatione for 120 seconds [3] . The polyethylene ring was then removed and the test specimen was stored in 37°C water for 24 hours.
e: Kulzer Co., Ltd. (Duralux UV-300) 5. Adhesive strength test method The measurement of adhesive strength was conducted, first by fixing a brass cap attachment on top of the composite resin, as shown in Fig. 1 , and then an Universal Tensile Testing Machine', was used under a tensile velocity of 2 mm/min. and according to the method employed by SUZUKI et al. [4] as shown in Fig. 3 .
Results
The adhesive strengths of the composite resin to enamel and dentin are shown in Fig. 4. 
Enamel (a)
The adhesive strengths showed a slightly decreasing tendency as the BME concentrations increased. 1.0 wt% in BME concentrations resulted in approximately 39 kg/cm2, and 2.0 wt% showed 36 kg/cm2, indicating a slight decline in adhesive strength. However, a further increase in concentrations did not show any further decline in adhesive strength.
Dentin (b)
The adhesive strengths showed an increasing tendency as the BME concentrations increased. 1.0 wt% in BME concentrations showed approximately 50 kg/ f: Ninebea Co., Ltd. (TOM 10000X) Fig. 4 The effects of BME concentrations of composite resin on adhesive strengths to (a) human enamel and to (b) human dentin Bonding agent : DMTY30-HEMA70 BME 3.0 wt% Irradiation time: 120 sec.
cm2, 2.0 wt% approximately 58 kg/cm2 and 3.0 wt% approximately 71 kg/cm2, indicating an increase in adhesive strength. A further increase in concentrations brought no further increase in adhesive strength.
Discussion
The adhesive strengths to tooth substance, resultant from the various changes in BME concentrations of the composite resin, showed similar tendencies to the results obtained by varying the BME concentrations [3] of the bonding agent.
The adhesive strength values of the enamel were high when the composite resin's polymerization rate was low [3] and in the case of dentin, the adhesive strength values increased in proportion to increases in the composite resin's polymerization rate [3] .
These differences may have resulted from the differences in the elastic modulus between the enamel and dentin. The former is higher in elastic modulus than the latter [8, 9] . Thus, when its adhesive strength was measured during the low rate of polymerization period, a condition which eased the tensile stress occurred on the bonded surface, registering higher values in adhesive strength than during the high rate of polymerization period.
The adhesive strength values of the latter, because of its low elastic modulus, became higher as the polymerization rate increased on the bonded surface. Also, the dentin showed higher values in adhesive strength as compared to the enamel. Responsible for these results may be the fact that the bonding agent, composed of functional methacrylate DMTY and HEMA, have a high affinity [3] with the dentin's organic collagenous fibers and that the crystal structure of inorganic hydroxy apatite is different between enamel and dentin.
Thus, the concentrations of the light-sensitive agent in the composite resin is thought to play a very important part, especially to the dentin, in adhesive strength. However, it is feared that an increase in the concentrations of the light-sensitive agent will shorten the life span of the composite resin. Therefore, the extension of the irradiation time [3, 10] , the application of a highly transmissible visible light [11] , or the use of redox (BPO-amin) polymerization is imperative in order to increase the polymerization rate.
These facts are considered to lead to an improvement in the mechanical properties of the composite resin and prevention of pulp stimulation [12, 13] due to unreacted monomers.
Conclusions
In the present series of studies, the authors attempted to find out how the concentrations of the light-sensitive agent in an ultraviolet light polymerized composite resin would affect its adhesive strength to tooth substance used in combination with a bonding agent composed of DMTY and HEMA. And, as a result, the following conclusions were reached:
1. In the case of enamel, the effects on adhesive strength, due to variations in BME concentrations, were negligible. As the concentrations increased, the adhesive strength decreased up to approximately 36 kg/cm2.
2. In the case of dentin, the effects due to changes in BME concentrations were great. The adhesive strength increased in proportion to an increase in concentrations, registering approximately 71 kg/cm2 at a concentration of over 3 .0 wt%.
